Contribution of myocardium hydraulic skeleton to left ventricular wall interaction and synergy in dogs. Am J Physiol Heart Circ Physiol 287: H896 -H904, 2004. First published March 18, 2004 10.1152/ajpheart. 00041.2004.-The most premature motion change after coronary occlusion is early diastolic thinning of the ischemic left ventricular (LV) wall, with concomitant thickening of the normoperfused wall. We aimed 1) to demonstrate that these early changes are the result of the absence of fluid within the ischemic myocardium (hydraulic skeleton) rather than to cell anoxia and 2) to quantitate the contribution of the lack of hydraulic skeleton to left ventricular asynergy of contraction in seven anesthetized dogs submitted to acute, shortlasting circumflex artery (Cx) occlusion (ischemia) and to perfusion of the Cx with an oxygen-free solution (anoxia). We analyzed the time course of regional work index (WI, area of the LV pressure-wall thickness loop) and regional efficiency (defined as the ratio of WI to the maximum possible work). Interwall asynergy was defined as the difference between the regional efficiency of the anterior and posterior walls. After 9 -10 s, posterior wall efficiency decreased 37 Ϯ 6% with anoxia and 72 Ϯ 3% with ischemia (P Ͻ 0.025), and interwall asynergy was 0 Ϯ 6% with anoxia and 32 Ϯ 5% with ischemia (P Ͻ 0.05). The contribution of absent hydraulic skeleton to interwall asynergy (calculated as the difference between %asynergy in anoxia and %asynergy in ischemia) was 30 Ϯ 8% (P Ͻ 0.05). In conclusion, the earliest wall motion change observed after acute coronary occlusion, namely ischemic wall thinning concomitant with normoperfused wall thickening during isovolumic relaxation, is the result of the absence of intracoronary fluid. The lack of hydraulic skeleton within the myocardium contributes ϳ30% to interwall asynergy. regional myocardial function; pressure-wall thickness loops; isovolumic relaxation; myocardial ischemia; left ventricular asynergy THE NORMAL PATTERN OF left ventricle contraction, or synergy, has been defined as a uniform, almost concentric inward motion of all points along the ventricular inner surface during systolic ejection to produce maximal effective work at minimal energy cost (14). The synergistic motility of the ventricular walls is altered after acute coronary occlusion. In this condition, the ischemic wall displays progressive systolic hypokinesia and, after ϳ30 s of ischemia, it shows a diskynetic pattern, with systolic thinning and postejective thickening (6, 10, 36, 41, 42, 45) . The earliest change after sudden coronary occlusion consists of thinning of the ischemic wall during the initial phase of isovolumic relaxation. On the other hand, the normoperfused wall displays the opposite variation, i.e., it thickens while relaxing (7, 18, 19, 26, 34, 43) . This phenomenon occurs after only one or two beats after occlusion, making it unlikely that they are caused by the well-known metabolic alterations induced by tissue hypoxia (11, 20 -24). Considering that most of the myocardial perfusion, particularly at the subendocardial level, starts during early diastole, namely during isovolumic relaxation, we hypothesized that this motility change is because of the absence of blood within the vascular bed of the ischemic wall and that the lack of a hydraulic skeleton within the ischemic myocardium would not only affect diastole but also the normal synergy of left ventricular contraction.
ens while relaxing (7, 18, 19, 26, 34, 43) . This phenomenon occurs after only one or two beats after occlusion, making it unlikely that they are caused by the well-known metabolic alterations induced by tissue hypoxia (11, 20 -24) . Considering that most of the myocardial perfusion, particularly at the subendocardial level, starts during early diastole, namely during isovolumic relaxation, we hypothesized that this motility change is because of the absence of blood within the vascular bed of the ischemic wall and that the lack of a hydraulic skeleton within the ischemic myocardium would not only affect diastole but also the normal synergy of left ventricular contraction.
In the present study, we tested these hypotheses by comparing the effects of a short-lasting acute coronary occlusion vs. infusion of an oxygen-free solution on the area of left ventricular (LV) pressure-wall thickness loops of the ischemic and normoperfused LV walls in anesthetized, open-chest dogs.
MATERIALS AND METHODS
Surgical preparation. Seven mongrel dogs weighing 18.8 -26.5 kg (24.4 Ϯ 3.3, mean Ϯ SD) were operated on. Anesthesia was induced with intravenous thiopental sodium (20 mg/kg) and was maintained with 1.5% enflurane. A thoracotomy was performed at the left fifth intercostal space, and the heart was suspended in a pericardial cradle. A left ventricular pressure transducer (model P7; Konigsberg, Pasadena, CA) and a fluid-filled catheter for later calibration of the pressure transducer were introduced through a stab wound near the apex. Two pairs of ultrasonic microcrystals (5 MHz) for continuous wall thickness measurements were implanted at the anterior and posterior walls of the left ventricle following the technique described by Sasayama et al. (36) . The left circumflex artery and the left subclavian artery were dissected free at their origins, and the dog was anticoagulated with heparin (5,000 IU). With the use of a catheter made from silicone rubber (2 mm ID), the left subclavian artery was connected to the proximal part of the left circumflex artery, which had been ligated at its origin immediately before connection so that the blood supplying the left circumflex bed came from the subclavian artery. The time elapsed between circumflex ligation and restoration of circulation through the left circumflex artery ranged from 35 to 120 s. In all dogs, functional recovery of the posterior wall after reperfusion was complete. Additionally, by means of a three-way stopcock inserted in the silicon tube, a perfusion line from a bottle containing dextran 40 at 37°C was connected. In each case, the bottle was positioned at a height that would allow a perfusion pressure equal to the dog's systolic blood pressure (Fig. 1) .
After the instrumentation was completed, the pericardial cradle was loosened so that the heart could return to its anatomic position, the thoracotomy borders were approximated, and the preparation was allowed to stabilize during 20 -30 min. During the experiment, the temperature of the animal was maintained between 37 and 38°C. All procedures agreed with the Guide for the Care and Use of Laboratory Animals published by the United States National Research Council (National Academy Press, Washington, DC, 1996) .
Experimental protocol. The fluid-filled catheter was connected to a Statham P23 DB pressure transducer previously calibrated with a mercury column, and the pressure signal provided by the microtransducer was adjusted to match that of the Statham transducer. Thereafter, the fluid-filled catheter was disconnected and closed. The wall thickness signals were calibrated in millimeters using the 1-mm step calibration facility of the sonomicrometer (Triton Technology, San Diego, CA). The left ventricular pressure (LVP) signal and both wall thickness signals (Th) were digitized on-line every 4 ms (Keithley MetraByte DAS16 Board) and displayed on the screen of a computer in the form of LVP-Th loops.
After signal stabilization, 10 consecutive beats were recorded during the control state (preocclusion control), and immediately afterward acute left circumflex occlusion was produced by clamping the silicone tube interposed between the subclavian and coronary arteries (coronary occlusion). All signals were digitized on-line during 15 s of occlusion, and then the clamp was opened to allow for reperfusion. When all signals had returned to control preocclusion values, a new series of control beats was recorded (predextran control) and then the three-way stopcock was turned to allow dextran to perfuse the left circumflex bed for 15 s, during which all signals were digitized on-line (intracoronary perfusion with dextran).
Next, blood perfusion was reestablished, and, after all signals had returned to control levels, a final recording of control beats was performed. The sequence of these two experimental situations was randomized. At the end of the experiments, the animals were killed with an overdose of inhaled enflurane followed by a bolus injection of potassium chloride. Correct positioning of the microcrystal pairs was verified at necropsy.
Data analysis. Onset of isovolumic contraction was defined at the start of the rapid upstroke of time derivative of LVP (dP/dt), and onset of isovolumic relaxation was set at 20 ms before peak negative dP/dt (10, 31) . Because we studied phenomena occurring within the wall rather than in the LV cavity, we prioritized the wall motion waveform and/or the LVP/Th loop morphology rather than opening and/or closure of the mitral and aortic valves. Thus, by observation of the control LVP-Th loops in each dog, end of isovolumic contraction was defined at the instant before the loss of verticality of the isovolumic contraction tracing, i.e., the instant before the onset of systolic thickening. This point happened to occur at or very close to 20 ms after peak positive dP/dt. Similarly, by analyzing the control LVP/Th loops of each dog, we determined end of isovolumic relaxation as the ultimate point before the onset of wall thinning. This occurred at or very close to 70 ms after peak negative dP/dt. When applying the 70-ms criterion to the LVP/Th loops occurring under occlusion, we verified that, in all cases, this instant coincided with the point where the isometric relaxation tracing "touched" the diastolic exponential function. This guaranteed (as in the case of isovolumic contraction) not to neglect any area (regional work) of the phenomenon under study.
Regional myocardial work was estimated as a work index (WI) derived from the regional LVP-Th relationship (15, 39) . In this way, the apparent regional myocardial work index (WI apparent) was calculated in each beat from the area of the LVP-Th loop, according to the equation:
where oic is onset of isovolumic contraction, ed is end diastole, and i is a given instant of the cardiac beat comprised between oic and ed.
We then calculated the work index corresponding to the isovolumic contraction (WI IC) and the isovolumic relaxation (WIIR) as follows:
where oe is onset of ejection, ee end of ejection, and eir end of isovolumic relaxation.
The data points comprised between eir and oic were fitted to the exponential function LVP ϭ e Th ⅐ aϩb and used for those cases in which extrapolated values of wall thickness were needed to calculate the isovolumic areas.
The maximum possible regional work index (WI max possible) was defined as the sum of WIapparent and the absolute values for work index during the isovolumic phases.
In turn, the regional work index effectively used to eject in the circulation (WIejective) was calculated by subtracting from WIapparent the absolute values for work index during the isovolumic phases.
The ratio between WIejective and WImax possible was considered to indicate regional wall efficiency: We assumed that 100% efficiency in developing work index occurs if the isovolumic phases of the LVP-Th loop have zero surface. Any nonzero value in one or both isovolumic areas decreases that efficiency. For this reason, WI ejective was calculated by subtracting from the apparent work index the absolute values of the isovolumic work indexes. Because we computed the absolute values to be subtracted in the calculation of the numerator of wall efficiency, any negative or positive value in one or both isovolumic areas, in turn, must decrease that efficiency.
The difference between posterior and anterior wall efficiencies was considered to be an indication of the interwall asynergy.
Interwall asynergy ϭ posterior wall efficiency Ϫ anterior wall efficiency Finally, to assess the net effect of the lack of hydraulic skeleton on left ventricular asynergy, we calculated the difference between the asynergy seen during intracoronary perfusion with dextran and that observed during coronary occlusion.
Hydraulic effect ϭ asynergy ͑dextran͒ Ϫ asynergy ͑occlusion͒ Statistical analysis. Values for both control conditions are reported as the average of the beats recorded. During transient states (coronary occlusion and intracoronary perfusion with dextran), the hemodynamic values reported are those observed at the end of these situations; for wall thickness, we also report the final value except when the maximal effect occurred before the end of the maneuver. To construct the beat-to-beat mean temporal curves, we interpolated the data every 500 ms.
Values obtained during both control conditions, coronary occlusion, and intracoronary perfusion with dextran were compared using ANOVA for repeated measures followed by Tukey's test for multiple comparisons. Statistical significance was set at P Ͻ 0.05.
RESULTS
Hemodynamic variables are shown in Table 1 . Both maneuvers decreased the maximum rate of pressure development and decay but did not affect peak systolic pressure.
As can be seen, no differences were found between both control states, indicating complete recovery of the basal condition after the first intervention. The same occurred with wall thickening, where the values for the first control state in the anterior and posterior walls (16.9 Ϯ 3.1 and 18.6 Ϯ 2.8%, respectively) did not differ (P ϭ not significant) from their corresponding values at the second control condition (17.1 Ϯ 3.3 and 18.5 Ϯ 2.6%). Figure 2 shows LVP and Th signals during coronary occlusion (A) and dextran perfusion (B). During coronary occlusion, early diastolic thinning of the ischemic wall occurred already after three beats and progressed on a beat-to-beat basis. In other words, the ischemic wall started to thin at the very onset of relaxation when, normally, it should show an approximately isometric pattern. This pattern of abnormal motility (the key phenomenon under study) and its rapid progression were highly repeatable among dogs. Concomitantly, the normoperfused wall displayed postejective thickening. During dextran perfusion, the posterior wall progressively thinned but, unlike coronary occlusion, it preserved its motility pattern, which, in turn, resulted in preservation of the normal function pattern of the normoperfused wall. In effect, the signals for the initial and final beats of that wall were almost superimposable. Figure 3 shows the LVP-Th loops of the normoperfused (A and B, top) and ischemic (A and B, bottom) walls during coronary occlusion (A) and dextran perfusion (B). It can be seen that the beat-to-beat loss of loop area in the ischemic wall during coronary occlusion resulted in a concomitant gain of area of the normal wall. However, this extra area occurred during isovolumic relaxation, thus not contributing to ejective work. During dextran perfusion, an overall thinning of the ischemic wall occurred. However, the general morphology of the loop was preserved and, as a result, the LVP-Th loop of the normoperfused wall did not undergo significant changes in either its area or its morphology. Figure 4 shows the time course of regional work index during isovolumic relaxation in the normoperfused and ischemic walls. Coronary occlusion resulted in progressively increasing negative values for WI IR in the ischemic wall. The normoperfused wall showed progressive increases in WI IR . During dextran perfusion, the values for WI IR remained close to zero in both walls. Only in the last two seconds did WI IR values in both walls diverge symmetrically, although not significantly. Figure 5 depicts the time course of regional efficiency for both ventricular walls. At the onset of each maneuver, regional efficiency was close to 100%. After 9 -10 s, posterior wall efficiency fell from 96.5 Ϯ 0.5 to 24.6 Ϯ 2.8% (net drop of 72 Ϯ 3%) after occlusion, whereas with dextran perfusion it fell from 98.3 Ϯ 0.6 to 61.2 Ϯ 6.4% (net drop of 37 Ϯ 6%, P Ͻ 0.025 with regard to occlusion). In addition, the rate of efficiency loss was faster with occlusion. Anterior wall efficiency decreased to 59.4 Ϯ 4.4% with occlusion and decreased to 67.4 Ϯ 5.3% with dextran perfusion, starting from 93.0 Ϯ 0.8 and 93.9 Ϯ 1.9%, respectively. The normoperfused anterior wall tended to be less efficient under occlusion, but the differences were not significant. Interwall asynergy is shown in Fig. 6 . It is seen that, under occlusion, asynergy increased steadily from the ideal zero value (perfect synergy), reaching ϳ40% by the end of the maneuver. On the other hand, the loss of synergy under dextran perfusion was slower and significantly less than with coronary occlusion, reaching ϳ10% by the end of the experiment. After 9 -10 s, interwall asynergy was 0 Ϯ 6% with anoxia and 32 Ϯ 5% with ischemia (P Ͻ 0.05).
Finally, Fig. 7 shows the net contribution of the absence of hydraulic skeleton in the ischemic wall to interwall asynergy. After a steady increase over the first few seconds, the net contribution of absent fluid within the ischemic wall reached a plateau of 30 Ϯ 8% (P Ͻ 0.05 respect to the initial 0 value). In other words, the presence of a hydraulic skeleton in the ischemic myocardium contributes 30% to the LV synergy of contraction needed to perform ejective work.
DISCUSSION
Most of the studies on left ventricular wall thickness and impaired regional coronary blood flow have analyzed the effects of tissue hypoxia on ischemic and normoperfused zones of the left ventricle (10, 31, 36) , or the interaction between the different layers of the left ventricular wall in the presence of a coronary flow restriction (5, 12, 17, 32, 37, 38, 44, 46) . In contrast, few studies have addressed this subject from the point of view of the presence or absence of a mass of fluid within the left ventricular wall (30) . Moreover, in the report by Miller et al. (30) , the subject under investigation is the effect of hyperrather than hypoperfusion on LV function.
The relevance of coronary blood as a hydraulic media within the myocardial wall has long been acknowledged (27, 28) .
That the presence of intramyocardial coronary fluid volume plays a role in wall dynamics is evident when looking at wall dimension changes during sudden coronary occlusion. Experimental (7, 34, 43) and clinical (18, 26) studies have shown that the earliest change in wall motion following coronary occlusion has two characteristics: first, it occurs during isovolumic relaxation, namely when myocardial perfusion (especially at the subendocardium) starts, and second, it is much too premature to be attributed to cell hypoxia. The metabolic consequences of acute closure of a major coronary artery (cessation of aerobic metabolism, depletion of creatine phosphate, onset of anaerobic glycolysis, and accumulation of metabolites in the ischemic tissue) begin 10 s after occlusion (20) , and the earliest wall motion change (wall thinning or segment lengthening during isovolumic relaxation) starts no later than 1 s after occlusion. The interacting normoperfused wall, in turn, displays a change that is the mirror image of the former, namely thickening (or segment shortening) during isovolumic relaxation.
Our aims were 1) to test the hypothesis that the abovementioned phenomenon results from absent hydraulic skeleton within the ischemic myocardium and not from cell hypoxia and 2) to quantify the contribution of the hydraulic skeleton to left ventricular synergy.
To satisfy the first aim, we compared the area of the LV pressure wall thickness loops during isovolumic relaxation under regional coronary occlusion and under regional perfusion with an oxygen-free solution. To avoid the confounding effects of metabolic anoxia, we restricted the analysis to the first 15 s after the onset of each experimental maneuver. Our results showed that the presence of fluid volume within the intramyocardial coronary bed allowed the isovolumic relaxation areas to stay close to zero in both walls, thus confirming that the significant symmetrical changes in isovolumic relaxation area observed in the ischemic and normoperfused walls (see Fig. 4 ) are the consequence of absent hydraulic skeleton rather than cell hypoxia.
To quantify the mechanical relevance of the hydraulic skeleton on interwall synergy, we adopted the regional work index, derived from the area of the LV pressure-wall thickness loop (15, 39) , as a reliable indicator of regional external work (9, 25, 31) . We considered the real regional ejective work (i.e., the work effectively used to pump blood in the aorta) as the difference between the measured loop area and the absolute values for the areas occurring during the isovolumic phases of the cardiac cycle (which ideally should be 0). In turn, we defined maximum possible regional work as the sum of the measured loop area and the isovolumic areas. Under normal conditions, ejective work should be equal or close to maximum possible work; therefore, the ratio between both (regional efficiency) should approach one. Under regional ischemia, one ventricular wall will decrease its efficiency while the other preserves it. Therefore, the difference between these regional efficiencies should provide an estimation of the LV interwall asynergy.
A comment should be made about the instants used to define isovolumic areas. It must be noticed that our aim was to analyze phenomena occurring within the wall rather than in the LV cavity. Consequently, to define points of onset and end of isovolumic (in fact, isometric) phases, we prioritized the wall motion waveform and/or the LVP/Th loop morphology rather than opening and/or closure of the mitral and aortic valves. The criteria selected for onset of both isovolumic phases are widely used in the literature and do not merit further discussion. The other two (end of both isovolumic phases) were the matter of very careful observation, because the criteria of selection should guarantee the following two crucial requisites for a study based on isovolumic work: 1) no area belonging to an isovolumic phase could be disregarded and 2) any area outside 
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ISCHEMIA VS. HYPOXIA DURING POSTEJECTIVE MYOCARDIAL WALL THINNING an isovolumic area must be neglected. Rigorously speaking, throughout this paper the term "isometric" should have been used instead of "isovolumic." However, we preferred to respect the usual terminology employed to describe the cardiac cycle.
Our results showed that interwall asynergy was significantly greater when, in addition to oxygen deprivation, fluid volume was absent from the intramyocardial coronary bed. In this condition, interwall synergy fell Ͼ40% from its basal value, whereas preservation of the hydraulic skeleton resulted in only a 10% loss of synergy. Hence, Ͼ30% of the observed asynergy is accounted for by the absence of intracoronary fluid volume.
In isolated rat hearts, Kanaide et al. (21, 22) demonstrated that the typical early dyskinesis of the ischemic region occurred when the oxygen supply appeared still sufficient for the normal mitochondrial oxidative function and when the ATP and creatine phosphate content remained at aerobic levels. In contrast, the amplitude of systolic wall thickening decreased much more gradually and without systolic bulging when anoxic perfusion, or global ischemia, was performed (21, 22) . They concluded that, during acute coronary occlusion, the early dyskinesis was the result of passive extension or thinning of the ischemic wall induced by the contraction of the remaining normoperfused myocardium. Our results extend those of Kanaide et al. by showing that the predominance of the normoperfused myocardium on the ischemic wall is not the result of an imbalance in intrinsic fiber contractility between both regions but the result of the absence of intravascular fluid within the ischemic wall. From the observation of Figs. 2 and 3, it is reasonable to assume that the lack of this hydraulic skeleton prevents the ischemic wall from opposing to the force imposed by the normoperfused myocardium, and interwall asynergy occurs.
The erectile effect of coronary perfusion pressure has been reported by several authors (1, 2, 3, 35) . Doyle et al. (7) showed that the pattern of ischemic dysfunction, as indicated by the analysis of pressure-segment length loops, differed between abrupt (Ͻ30 s) and gradual coronary occlusions. They claimed that the dysfunction produced by abrupt occlusion most likely represented a mechanical effect of sudden myocardial ischemia coupled with loss of the erectile effect normally produced by the flow of blood in the coronary arteries. Our results, using the pressure-wall thickness framework, support this observation and, in addition, quantitates the contribution of intracoronary fluid to interwall synergy. Another study reporting the effect of incomplete coronary occlusion on wall dynamics is that by Skulstad et al. (40) , in which the left anterior descending (LAD) flow of dogs was reduced in ϳ50%. As shown in Fig. 1 of their paper, at this degree of LAD flow reduction, the anterior wall waveform resembles very much that of our dogs, suggesting that this motion pattern appears even if one-half the normal amount of intravascular fluid is present. However, these recordings are taken 1-2 min after flow reduction; therefore, the abnormal wall behavior may be due at least in part to cell hypoxia. On the other hand, if this degree of flow reduction were not enough to induce cell hypoxia, then the abnormal wall motion would be entirely attributed to the lack of the remaining 50% intravascular fluid, thus supporting the relevance of the hydraulic skeleton. In any case, given the differences in timing of signal recording between Skulstad's dogs and ours, these speculations should be taken with caution.
In a study of regional dysfunction of normally perfused myocardium adjacent to an ischemic myocardium (the socalled functional border zone), Mazhary et al. (29) showed that, when comparing LAD vs. circumflex occlusions, the width of the dysfunctional myocardium was primarily dependent on hemodynamic factors, such as systolic ventricular pressure, rather than on anatomic differences between LAD and circumflex ischemias. In their dogs, increasing LV systolic pressure widened the border zone, whereas changing blood flow did not. Although this may appear to disagree with our results, it must be taken into account that, in Mazhary's dogs, the change imposed on blood flow was equal to the difference in relative flows resulting from LAD and circumflex occlusions, and that was only 13%. This subtle change was probably not enough to evidence any effect of the hydraulic skeleton on wall dynamics as it was in our dogs where the changes in flow were equal or close to 100%. In agreement with our observations and those of others, they report hyperfunction of the remote, nonischemic LAD territory during circumflex occlusion.
Limitations of the study. The use of an anesthetized, openchest, mechanically ventilated preparation is a limitation of our study. The effects of these conditions on hemodynamics and myocardial contractility may be the reasons for the relatively low peak systolic pressure values, as well as the values for wall thickening and maximum rate of left ventricular pressure development and decay, which are lower than those observed in conscious, chronically instrumented animals. However, in experimental conditions comparable to ours, other authors have reported values similar to those obtained in the present study (3, 40) .
An additional flaw of this study is the lack of flow measurement in the subclavian-coronary anastomosis, which would have allowed dextran perfusion to be set on the basis of control flow rather than on control systolic pressure. As can be seen in Fig. 3 , during dextran perfusion, a subtle thickening of the posterior wall during isovolumic relaxation occurred, suggesting a certain degree of overperfusion that probably would not have occurred should this experimental condition be carried out under flow rather than pressure control.
Clinical implications. The clinical implications of our study are not straightforward. Postejective shortening after ischemia or infarct has been claimed as a marker of late recovery of wall motion after reperfusion, both in animals (4, 40) and, recently, in humans (8, 16) . Recent works emphasizes the importance of the analysis of regional function, mainly during isovolumic relaxation (13, 19, 33) . However, the role played by the loss of hydraulic skeleton in this context is not known. Coronary spasm and coronary angioplasty are examples of acute coronary occlusion (18, 26) . In these settings, it should be taken into account that a significant amount of the observed ventricular dysfunction is because of the lack of fluid within the intramyocardial vessels rather than because of cardiomyocyte anoxia. In any case, the clinical relevance of our results remains to be determined.
In conclusion, our results show that the earliest wall motion change observed after acute coronary occlusion, namely ischemic wall thinning concomitant with normoperfused wall thickening during isovolumic relaxation, is the result of the absence of intracoronary fluid rather than because of cell anoxia and that this lack of hydraulic skeleton within the myocardial vessels contributes up to 30% to the interwall asynergy of left ventricular contraction.
